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TUNGSTEN RHENIUM COMPOUNDS AND COMPOSITES AND

METHODS FOR FORMING THE SAME

FIELD OF THE INVENTION

[0001] The present invention relates to tungsten rhenium compounds and composites and

to methods of forming the same.

BACKGROUND
[0002] Various hard materials and methods of forming hard materials have been used to

form cutting tools as well as tools used for friction stir welding. A tool used for friction stir

welding includes a hard metal pin that is moved along the joint between two pieces to

plasticize and weld the two pieces together. Because this process wears greatly on the tool,

hard and strong materials are very desirable. As a results, hard metal compounds and

composites have been developed to improve wear resistance.

[0003] Prior art hard materials include a carbide, such as tungsten carbide, bound with a

binder such as cobalt or rhenium. Carbide-based hard materials have been produced with

rhenium as the only binder, using conventional sintering methods. Tungsten-rhenium alloys

have also been produced with standard cementing methods. Such tungsten-rhenium alloys

can be used as alloy coatings for high temperature tools and instruments. However, materials

with improved wear resistance are desired for use in cutting tools such as cutting elements

used in earth boring bits and in other tools such as friction stir welding tools.

SUMMARY OF THE INVENTION

[0004] The present invention relates to tungsten rhenium compounds and composites and

more particularly to a method of forming the same hi one embodiment, a method of forming

a tungsten rhenium composite at high temperature and high pressure is provided. Tungsten

(W) and rhenium (Re) powders, which may be either blended, coated, or alloyed, are sintered

at high temperature and high pressure to form a unique composite material, rather than

simply alloying them together with conventional cementing processes.

[0005] In another embodiment, an ultra hard material is added to the W-Re composite to

obtain a sintered body of an ultra hard material and W-Re with uniform microstructure. The

tungsten, rhenium, and ultra hard material are sintered at high temperature and high pressure.

The ultra hard material may be cubic boron nitride, diamond, or other ultra hard materials.

[0006] In the resulting composite material, the particles of the ultra hard material are

uniformly distributed in the sintered body. The ultra hard material improves wear resistance

of the sintered parts, while the high-melting W-Re binder maintains the strength and

toughness at high temperature operations. The W-Re alloy binder gives desired toughness

and improves high temperature performance due to its higher recrystallization temperature



(compared to W or Re alone). The ultra hard material also forms a strong bond with the W-

Re matrix.

[0007] In one embodiment, a method of forming a material includes providing tungsten

and rhenium and sintering the tungsten and rhenium at high temperature and high pressure.

The high temperature can fall within the range of 10000C to 23000C, and the high pressure

can fall within the range of 20 to 65 kilobars. The method can also include sintering an ultra

hard material with the tungsten and rhenium at high temperature and high pressure.

[0008] In one embodiment, a high pressure high temperature sintered binder includes

tungsten, wherein the tungsten is within the range of approximately 50% to approximately

99% of the volume of the binder, and rhenium, wherein the rhenium is within the range of

approximately 50% to approximately 1% of the volume of the binder.

[0009] In another embodiment, a composite material includes the binder just described

and an ultra hard material, such as diamond or cubic boron nitride. The ultra hard material

bonds with the W-Re matrix to form a polycrystalline composite material.

[0010] hi a further exemplary embodiments, a stir welding tool is provided having at least

a portion, or at least a portion of a pin used for welding two pieces of material, which at least

a portion and/or said at least a portion of the pin is formed using any of the aforementioned

methods, or from any of the aforementioned materials.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Figure IA is a photo reproduction of a scanning electron microscope image, at

two different magnifications, of a W-Re composite with cubic boron nitride (CBN), sintered

at 12000C;

[0012] Figure IB is a photo reproduction of a scanning electron microscope image, at two

different magnifications, of a W-Re composite with CBN, sintered at 14000C;

[0013] Figure 2A is a photo reproduction of a scanning electron microscope image, at

two different magnifications, of a W-Re composite with CBN, sintered at 12000C;

[0014] Figure 2B is a photo reproduction of a scanning electron microscope image, at two

different magnifications, of a W-Re composite with CBN, sintered at 14000C;

[0015] Figure 3 is a photo reproduction of a scanning electron microscope image, at two

different magnifications, of a W-Re composite with CBN and aluminum, sintered at 14000C;

[0016] Figure 4 is a photo reproduction of a scanning electron microscope image of a

mixture of W-Re powder;

[0017] Figure 5 is a photo reproduction of a scanning electron microscope image of a W-

Re composite with diamond, sintered at 14000C;

[0018] Figure 6 is a photo reproduction of a backscattered electron image of the

composite of Figure 5;

[0019] Figure 7 is a front elevational view of a W-Re composite bonded onto a substrate;



[0020] Figure 8A is a photo reproduction of a scanning electron microscope image of a

W-Re composite sintered at 12000C; and

[0021] Figure 8B is a photo reproduction of a scanning electron microscope image of a

W-Re composite sintered at 14000C.

DETAILED DESCRIPTION OF THE INVENTION

[0022] The present invention relates to tungsten rhenium compounds and composites and

more particularly to a method of forming the same at high temperature and high pressure. In

one embodiment, a method of forming a tungsten rhenium composite at high temperature and

high pressure is provided. Tungsten (W) and rhenium (Re) powders are sintered at high

pressure and high temperature (HPHT sintering) to form a unique composite material, rather

than simply alloying them together with conventional cementing or conventional sintering

processes.

[0023] In an exemplary embodiment, the W-Re mixture is introduced into an enclosure,

known as a "can" typically formed from niobium or molybdenum. The can with the mixture

is then placed in a press and subjected to high pressure and high temperature conditions. The

elevated pressure and temperature conditions are maintained for a time sufficient to sinter the

materials. After the sintering process, the enclosure and its contents are cooled and the

pressure is reduced to ambient conditions.

[0024] In exemplary embodiments of the present invention, the W-Re composite is

formed by HPHT sintering, as contrasted from conventional sintering. In HPHT sintering,

the sintering process is conducted at very elevated pressure and temperature hi some

embodiments, the temperature is within the range from approximately 10000C to

approximately 16000C, and the pressure is within the range from approximately 20 to

approximately 65 kilobars. hi other embodiments, the temperature reaches 23000C. As

explained more fully below, HPHT sintering results in chemical bonding between the

sintered materials, rather than simply fixing the hard particles in place by melting the binder

around the hard particles.

[0025] hi an exemplary embodiment, the tungsten and rhenium materials are obtained in

powder form and are combined to form a mixture prior to sintering. The relative percentages

of tungsten and rhenium in the mixture can vary depending on the desired material properties.

In one embodiment, the compound includes approximately 25% or lower rhenium, and

approximately 75% or higher tungsten. These percentages are measured by volume.

[0026] Examples of the resulting W-Re composite material formed by HPHT sintering

are shown in Figures 8A and 8B. Figure 8A shows a W-Re composite sintered at 12000C,

and Figure 8B shows a W-Re composite sintered at 14000C. The images show the tungsten

particles 802 bonded to the rhenium particles 804.



[0027] In the resulting W-Re composite material formed by HPHT sintering, the rhenium

provides improved toughness and strength at high temperature. The W-Re compound has a

higher recrystallization temperature than either tungsten or rhenium alone, leading to

improved high temperature performance. For example, when the composite material is used

to manufacture a friction stir welding tool, the tool can weld across a longer distance as

compared with prior art friction stir welding tools formed with traditional W-Re alloys or

tungsten carbides. The improved high temperature performance of the W-Re composite

provides improved wear resistance. The HPHT sintering also creates a material with higher

density compared to conventional sintering.

[0028] hi another embodiment, an ultra hard material is added to the W-Re matrix, and

the mixture is HPHT sintered to form a composite of the ultra hard material and W-Re with

uniform microstructure. The tungsten, rhenium, and ultra hard material are mixed together

and then sintered at high temperature and high pressure to form a polycrystalline ultra hard

material. The ultra hard material may be cubic boron nitride (CBN), diamond, diamond-like

carbon, other ultra hard materials known in the art, or a combination of these materials.

[0029] In exemplary embodiments, the ultra hard material is mixed with the tungsten and

rhenium with the relative proportions being approximately 50% ultra hard material and 50%

W-Re by volume. The W-Re mixture is typically 25% or lower Re. However, this ratio is

very flexible, and the percentage of Re compared to W may be varied from 50% to 1%. In

addition, the percentage of ultra hard material may be varied from 1% to 99%. The mixture

is then sintered at high temperature and high pressure, as described above, forming a

polycrystalline ultra hard composite material. The resulting polycrystalline composite

material includes the polycrystalline ultra hard material bound by the tungsten-rhenium

binder alloy.

[0030] Tests were conducted on three different W-Re composites with cubic boron

nitride (CBN) as the ultra hard material. All composites included 50% ultra hard material

and 50% W-Re by volume. The first CBN W-Re composite 100 (referenced in Figure 1 and

Table 1 below) included cubic boron nitride as the ultra hard material. The cubic boron

nitride had a size range of 2-4 microns. The second CBN W-Re composite 200 and third

CBN W-Re composite 300 also included cubic boron nitride, but with a size range of 12-22

microns. The third composite also included 1% of aluminum by weight. These mixtures

were each mixed in powder form for 30 minutes. The first two composites were then pressed

at two different press temperatures, 12000C and 14000C, and the third was pressed at 14000C.

[0031] The resulting hardness of these composites was found to be the following:



[00321 Table 1

[0033] For comparison, the hardness of a conventional alloyed W-Re rod is 430 to 480

kg/mm2, and conventional sintered W-Re is 600 to 650 kg/mm2. Accordingly, the W-Re

composite with 50% ultra hard material by volume showed a two to three-fold increase in

hardness compared to conventional sintered W-Re and commercial W-Re rods. At the higher

temperature, the coarser grade CBN showed a slightly lower hardness than the finer grade.

The third composite with the addition of aluminum showed the highest hardness.

[0034] The aluminum was added to the third composite in order to provide a reaction

with the nitrogen from the cubic boron nitride. When the materials in the third composite are

sintered at high temperature and high pressure, the boron reacts with the rhenium to form

rhenium boride. The remaining nitrogen can then react with the aluminum that has been

added to the mixture.

[0035] The densities of these composites were found to be the following:

Table 2

[0036] The ratios given above are the ratio of the measured density to the theoretical

density. For comparison, a commercial W-Re rod has a theoretical density of 19.455 g/cm3

and a ratio of 98.8%, and sintered W-Re has a theoretical density of 19.36 g/cm3 and a ratio

of 98.3%. Thus, these tests results showed that the HPHT sintered W-Re composite with

CBN achieved higher densities than conventional sintered W-Re.



[0037] The microstructures of the three CBN W-Re composites are shown in Figures 1-3.

Figure IA shows the first composite 100 pressed at 12000C, at two magnifications, and

Figure IB shows the first composite 100' pressed at 14000C, at two magnifications. Figure

2A shows the second composite 200 pressed at 12000C, and Figure 2B shows the second

composite 200' pressed at 14000C. Figure 3 shows the third composite 300, which was

pressed at 14000C.

[0038] In all of the composites 100, 100', 200, 200', 300, the microstructure showed a

uniform dispersion of the ultra hard materials 12 in the W-Re matrix 14, and uniform

distribution of the aluminum in the third composite. Also, no significant pull-out was

observed after polishing, giving an indication of good bonding between the CBN and the W-

Re matrix. That is, when the composite was polished, the ultra hard particles were not pulled

out of the matrix to leave gaps or holes. High contrast imaging of the composite revealed the

existence of different W-Re grains, possibly including grains of W-Re intermetallic

compound. Analysis also showed that in the third composite, the aluminum was uniformly

distributed in the matrix.

[0039] Possible explanations for the strengthened material include good sintering of the

W-Re matrix, strong bonding at the interface between the W-Re and ultra hard material

through reactive sintering, alloying of the W-Re matrix, and the formation of aluminum oxide

(Al O3) . The ultra hard material improves the wear resistance of the sintered parts, while the

high-melting W-Re binder maintains the strength and toughness at high temperature

operations. This composite material may be used for various tools such as friction stir

welding tools. It could also be bonded onto a substrate 50 such as tungsten carbide, to form a

cutting layer 52 of a cutting element 54, as for example shown in FIG. 7, which may be

mounted on an earth boring bit.

[0040] Unlike materials produced with conventional sintering or cementing, the above-

described HPHT composites form a solid chemical bond between the matrix and the cubic

boron nitride particles. The boron from the cubic boron nitride reacts with the rhenium from

the W-Re matrix, creating a strong bond between the matrix and the hard particles. This

cubic boron nitride composite does not simply produce a material with hard particles

dispersed inside a melted matrix, but instead produces a composite material with solid

chemical bonding between the hard particles and the matrix. The bonding mechanism

between the particles of ultra hard material and binder may vary depending on the ultra hard

material used.

[0041] Tests were also conducted on a W-Re composite with diamond added as the hard

material. The raw materials for this mixture were diamond particles (6-12 micrometers in

size) and a blended W-Re powder 400. The blended W-Re powder 400 is shown in Figure 4,

which shows the W (numeral 16) and Re (numeral 18) components. The diamond particles



and the W-Re powder were mixed together, 50% each by volume, for 30 minutes. The mixed

materials were placed in a cubic press and HPHT sintered at 14000C.

[0042] The resulting composite material displayed a very high hardness of 2700 kg/mm2.

For comparison, the W-Re composites with CBN materials (discussed above) ranged in

hardness between 1200 and 1400 kg/mm2, and the HPHT W-Re alone had a hardness of

about 600-650 kg/mm2.

[0043] Figure 5 shows the resulting microstructure of the diamond W-Re composite 500.

The diamond particles 22 are evenly dispersed within the W-Re matrix 24. No significant

pull-out was observed after polishing, giving an indication of good bonding between the

diamond and the W-Re matrix. The resulting composite showed excellent sintering of the W-

Re matrix.

[0044] Figure 6 shows a backscattered electron image of the diamond W-Re composite.

This image is able to differentiate the Re-rich regions 26.

[0045] Analysis of the diamond W-Re composite 500 confirmed that the HPHT sintering

resulted in the formation of tungsten carbide. The carbon from the diamond reacted with the

tungsten in the W-Re binder to produce tungsten carbide, which gives the composite a high

hardness. The reaction between the carbon and tungsten to produce tungsten carbide is

indicative of strong bonding between the hard particles and the W-Re matrix. This reaction is

unique over prior art alloys, and it provides a material that has a high hardness due to the

tungsten carbide and diamond, while still retaining ductility and high-temperature

performance from the W-Re binder. The tungsten carbide gives the composite high

hardness, but it can also be very brittle. The composite material retains ductility due to the

W-Re matrix, which is more ductile than the tungsten carbide. The W-Re composite also has

a higher recrystallization temperature than either tungsten or rhenium alone, leading to

improved high temperature performance. Thus, the composite material formed of the hard,

brittle tungsten carbide and ductile W-Re matrix is hard and ductile and performs very well at

high temperature. The composite material can take advantage of the hardness of the

diamond particles and the ductility of the high-melting W-Re matrix.

[0046] A layer of Niobium was apparent on the outer surface of the W-Re diamond

composite after sintering, indicating a reaction between the Niobium from the can and carbon

to form a layer of NbC on the outer surfaces of the composite which faced the Niobium can

placed in the press.

[0047] In another embodiment, the rhenium is replaced by molybdenum, so that tungsten,

molybdenum, and (optionally) an ultra hard material are mixed together and then sintered at

high temperature and high pressure. As before, the ultra hard material could be cubic boron

nitride (CBN), diamond, diamond-like carbon, or other ultra hard materials known in the art.



[0048] In yet another embodiment, the rhenium is replaced by lanthanum, so that

tungsten, lanthanum, and (optionally) an ultra hard material are mixed together and then

sintered at high temperature and high pressure.

[0049] Although limited exemplary embodiments of the HPHT sintered W-Re composite

material and method have been specifically described and illustrated herein, many

modifications and variations will be apparent to those skilled in the art. Accordingly, it is to

be understood that the compositions and methods of this invention may be embodied other

than as specifically described herein. The invention is also defined in the following claims.



WHAT IS CLAIMED IS:

1. A method of forming a material, comprising:

providing tungsten and rhenium; and

sintering the tungsten and rhenium at high temperature and high pressure.

2 . The method of claim 1, wherein the high temperature is within the range of

approximately 10000C to approximately 23000C.

3. The method of claim 1, wherein the high pressure is within the range of

approximately 20 kilobars to approximately 65 kilobars.

4. The method of claim 1, further comprising mixing an ultra hard material with

the tungsten and rhenium forming a mixture, and sintering the mixture at high temperature

and high pressure to form a polycrystalline composite material.

5. The method of claim 4, wherein the ultra hard material is selected from the

group consisting of cubic boron nitride, diamond, and diamond-like carbon.

6. The method of claim 4, wherein the ultra hard material is approximately 50%

or greater of the volume of the material, and the rhenium and tungsten are approximately

50% or lower of the volume of the material.

7. The method of claim 4, wherein the sintering the mixture comprises forming a

chemical bond between the ultra hard material and at least one of the tungsten or rhenium.

8. The method of claim 7, wherein the ultra hard material is cubic boron nitride,

and wherein the forming a chemical bond comprises forming a chemical bond between at

least a portion of the boron and at least a portion of the rhenium.

9 . The method of claim 7, wherein the ultra hard material is diamond, and

wherein the forming a chemical bond comprises forming a chemical bond between at least a

portion of the diamond and at least a portion of the tungsten.

10. The method of claim 1, wherein a ratio of tungsten to rhenium by volume is

approximately 3:1.



11. The method of claim 1, further comprising providing a substrate, wherein

sintering comprises sintering the tungsten, rhenium and the substrate.

12. A high pressure high temperature sintered binder comprising:

tungsten, wherein the tungsten is within the range of approximately 50% to

approximately 99% of the volume of the binder; and

rhenium, wherein the rhenium is within the range of approximately 1% to

approximately 50% of the volume of the binder.

13. The binder of claim 12, wherein the rhenium is approximately 25% of the total

volume of the binder.

14. A polycrystalline composite material comprising:

tungsten;

rhenium; and

a polycrystalline ultra hard material bonded to at least one of the tungsten or

the rhenium.

15. The material of claim 14 wherein said tungsten and rhenium form a binder,

wherein the tungsten is within the range of approximately 50% to approximately 99% of the

volume of the binder, and wherein the rhenium is within the range of approximately 50% to

approximately 1% of the volume of the binder.

16. The material of claim 15, wherein the ultra hard material makes up

approximately 50% or higher of the volume of the polycrystalline composite material.

17. The material of claim 15, wherein the rhenium is approximately 25% of the

volume of the binder.

18. The material of claim 15, wherein the ultra hard material is cubic boron

nitride, and wherein at least a portion of the boron is chemically bonded to the rhenium.

19. The material of claim 15, wherein the ultra hard material is diamond, and

wherein at least a portion of the diamond is chemically bonded to the tungsten.

20. The material of claim 14 wherein said tungsten, rhenium and ultra hard

material define a polycrystalline ultra hard material layer and wherein the composite material

further comprises a substrate bonded to said polycrystalline ultra hard material layer.



2 1. A polycrystalline composite material comprising:

a binder comprising,

tungsten, wherein the tungsten is within the range of approximately 50% to

approximately 99% of the volume of the binder, and

molybdenum, wherein the molybdenum is within the range of approximately

1% to approximately 50% of the volume of the binder; and

a polycrystalline ultra hard material.

22. The material of claim 2 1 wherein said tungsten, molybdenum and ultra hard

material define a polycrystalline ultra hard material layer and wherein the composite material

further comprises a substrate bonded to said polycrystalline ultra hard material layer.

23. A polycrystalline composite material comprising:

a binder comprising,

tungsten, wherein the tungsten is within the range of approximately 50% to

approximately 99% of the volume of the binder, and

lanthanum, wherein the lanthanum is within the range of approximately 1% to

approximately 50% of the volume of the binder; and

an ultra hard material.

24. The material of claim 23 wherein said tungsten, lanthanum and ultra hard

material define a polycrystalline ultra hard material layer and wherein the composite material

further comprises a substrate bonded to said polycrystalline ultra hard material layer.

25. A method of forming a polycrystalline composite material, comprising:

providing a binder comprising,

tungsten, wherein the tungsten is within the range of approximately

50% to approximately 99% of the volume of the binder, and

molybdenum, wherein the molybdenum is within the range of

approximately 1% to approximately 50% of the volume of the binder;

providing an ultra hard material; and

sintering the ultra hard material with the binder at a high temperature and high

pressure to form a polycrystalline composite material.

26. A method of forming a polycrystalline composite material, comprising:

providing a binder comprising,



tungsten, wherein the tungsten is within the range of approximately

50% to approximately 99% of the volume of the binder, and

lanthanum, wherein the lanthanum is within the range of

approximately 1% to approximately 50% of the volume of the binder,

providing an ultra hard material; and

sintering the ultra hard material with the binder at a high temperature and high

pressure to form a polycrystalline composite material.

27. A stir welding tool comprising at least a portion formed from a material as

recited in any of claims 14 to 24.

28. A stir welding tool comprising at least a portion formed using the method as

recited in any of claims 1 to 11, 25 and 26.

29. A stir welding tool comprising a pin used for welding two pieces, wherein at

least a portion of said pin composes a material as recited in any of claims 14 to 24.

30. A stir welding tool comprising a pin used for welding two pieces, wherein at

least a portion of said pin composes a material formed by a method as recited in any of claims

1 to 11, 25, and 26.
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